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Abstract 
LiCoO2 was synthesized by sol–gel method using lithium acetate and cobalt acetate as the precursors and citric acid as the 
chelating agent. The solutions were stirred for different stirring times with a magnetic stirrer, followed by heating at 80qC under 
vigorous stirring until a viscous gel was formed. The as-formed gel was calcined at 700 qC for 7 h in air. Structural analysis 
confirmed that the layered hexagonal structure of LiCoO2 was formed. The synthesized LiCoO2 exhibited the highest intensity, 
thereby confirming that 30 h is the optimum stirring time. Clear splitting of the (006)/(102) and (108)/(110) hexagonal doublets 
in the X-rays diffraction patterns indicated that the materials formed a well-ordered hexagonal structure. No impurity phases 
were observed in the range of stirring times studied probably because of the homogeneous mixing of the precursors. 
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1. Introduction 
Rechargeable lithium-ion batteries have attracted considerable research interest because of their high specific 
energy, which can be of great use in long-range electric vehicles (EVs), grid energy storage, and potable electronics. 
Lithium cobalt oxide (LiCoO2), which was recently considered one of the most promising cathode materials for 
EVs, has become a focal subject of extensive investigation. LiCoO2 is widely used as a positive electrode in lithium-
ion batteries because of its high potential, high energy density, good cycling performance, and stable capacity1, 2.  
LiCoO2 has been synthesized by using various methods. Unfortunately, several problems interfere with the 
synthetic process, including non-homogeneity, abnormal grain growth, and poor stoichiometric control3. Therefore, 
development of novel approaches for synthesizing LiCoO2 cathode materials is necessary. Among the various 
processing routes currently available, the sol–gel method is broadly employed because of its many advantages, such 
as homogeneous mixing, good stoichiometric control, low synthesis temperature, and short heating time4, 5. 
In this study, the effect of stirring times on LiCoO2 synthesis via the sol–gel method was examined. The as-
synthesized LiCoO2 was characterized by thermal and structural analysis. 
2. Experimental 
LiCoO2 was synthesized via a sol–gel preparation method using lithium acetate dihydrate (C2H3LiO2·2H2O, 
99.0%; Aldrich) and cobalt acetate tetrahydrate (C4H6CoO4·4H2O, 99.0%, Aldrich) as reactants. Stoichiometric 
amounts of the reactants were dissolved in deionized water and citric acid (99.5%; Sigma-Aldrich) was added to the 
solution as a chelating agent for the gel. The solutions were stirred for difference stirring times (6, 12, 18, 24, 30 and 
36 h), followed by heating at 80 qC with vigorous stirring until a viscous gel was formed. The gel was dried in an 
oven at 80 °C before calcination in air with a tube furnace at 700 °C for 7 h. 
Thermogravimetric (TGA) characterization was performed to study the thermal properties of LiCoO2 synthesized 
at different stirring times. The TGA curves were acquired by a Mettler Toledo TGA apparatus over the temperature 
range of 35–900 °C under an argon atmosphere and a heating rate of 10 °C min-1. The structure of the as-prepared 
LiCoO2 was further identified by X-ray diffraction (XRD, Bruker Advanced X-ray Solutions D9) with 
monochromatized Cu-Kα radiation (λ = 1.5406 Å). 
3. Results and discussions 
3.1 Thermal Analysis 
 
Thermal properties of LiCoO2 were characterized using TGA. Four distinct stages of weight loss were observed 
in the TGA curve (Fig. 1.). The initial stage of weight loss (7%) occurred steadily from room temperature to 190 °C; 
this stage can be attributed to the removal of physically adsorbed water in the precursors. The second stage of 
weight loss (49%) was recorded at 190–380 °C; this stage was attributed to the decomposition of acetates into 
oxides. This abrupt weight loss attributed to the release of H2O and CO2, which results in the following reactions. A 
slow weight loss of 20% occurred at 380–680 °C, which attributed to the decomposition of organic compounds that 
may arise from the complex decomposition of acetates or crystallization of LiCoO2. An insignificant weight loss of 
2.0% was recorded beyond 680 °C; this weight loss suggests that the thermally stable, layered structure of the 
LiCoO2 powder had been formed.  
Thermally stable products with no weight loss were occurred at lower temperatures using different precursors, 
chelating agents, and heating rates6-9. Therefore, layered LiCoO2 can be synthesized at a minimum calcination 
temperature of 680 °C. LiCoO2 was calcined at 700 °C in the present study to ensure the formation of pure LiCoO2 
with a hexagonal layered structure and high crystallinity. 
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Fig. 1. TGA curve of as-prepared LiCoO2 
 
3.2 Structural Analysis 
 
Structural analysis of sample was performed by XRD (Fig. 2.). The XRD patterns of all samples prepared at 
different stirring times were clearly identifiable as LiCoO2. The LiCoO2 obtained in the present work has a layered 
hexagonal structure and matched well with the reference pattern of LiCoO2 (ICSD 98-001-1282). The peaks in the 
figure represent the (003), (101), (012), 104), (105), (107), (018), (110), and (113) planes of the as-prepared sample.  
The peak intensity increased in proportional with the stirring time until 30 h but decreased after 36 h of stirring. 
The sharp and narrow diffraction peaks obtained indicated that the synthesized LiCoO2 has high crystallinity, no 
diffraction peaks for impurities were observed. High crystallinity was noted because of the sharp peaks in the 
diffraction pattern. The peak pairs of (006)/(012) and (018)/(110) showed clear splitting, which indicates good 
hexagonal ordering and layered characteristics. The high crystallinity and peak pairs are typical observation of 
synthesis LiCoO2 via sol-gel method
7,10-13. The two peak pairs were obtained at ranges of 35q–40q and 65q–70q in 
the XRD results. 
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Fig. 2. XRD of LiCoO2 obtained at different stirring times 
4. Conclusion 
LiCoO2 powders were successfully synthesized via sol–gel method. LiCoO2 showed a hexagonal crystal 
structure. All of the prepared samples exhibited a pure layered LiCoO2 phase. The sample stirred for 30 h was 
considered the optimum sample because it demonstrated the highest intensity. 
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